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Background: Humanitarian agencies working in refugee camp settings require rapid assessment methods to measure
the needs of the populations they serve. Due to the high level of dependency of refugees, agencies need to carry out
these assessments. Lot Quality Assurance Sampling (LQAS) is a method commonly used in development settings to
assess populations living in a project catchment area to identify their greatest needs. LQAS could be well suited to serve
the needs of refugee populations, but it has rarely been used in humanitarian settings. We adapted and implemented
an LQAS survey design in Batil refugee camp, South Sudan in May 2013 to measure the added value of using it for sub-
camp level assessment.
Methods: Using pre-existing divisions within the camp, we divided the Batil catchment area into six contiguous
segments, called ‘supervision areas’ (SA). Six teams of two data collectors randomly selected 19 respondents in each SA,
who they interviewed to collect information on water, sanitation, hygiene, and diarrhoea prevalence. These findings were
aggregated into a stratified random sample of 114 respondents, and the results were analysed to produce a coverage
estimate with 95% confidence interval for the camp and to prioritize SAs within the camp.
Results: The survey provided coverage estimates on WASH indicators as well as evidence that areas of the camp
closer to the main road, to clinics and to the market were better served than areas at the periphery of the camp.
This assumption did not hold for all services, however, as sanitation services were uniformly high regardless of
location. While it was necessary to adapt the standard LQAS protocol used in low-resource communities, the
LQAS model proved to be feasible in a refugee camp setting, and program managers found the results useful at
both the catchment area and SA level.
Conclusions: This study, one of the few adaptations of LQAS for a camp setting, shows that it is a feasible
method for regular monitoring, with the added value of enabling camp managers to identify and advocate for
the least served areas within the camp. Feedback on the results from stakeholders was overwhelmingly positive.
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In 2000 the Sphere humanitarian charter and minimum
standards in humanitarian response was first published
in an attempt to establish minimum acceptable stan-
dards in humanitarian practice [1]. Since then, other
codes and standards aimed at establishing accountability
have followed [2]. Ensuring minimum standards are met
requires measurement “across time, programmes and
contexts” [3]. During the very early stages of an emer-
gency, rapid assessment tools based on non-probability
samples are appropriate [4]. However, after the immedi-
ate emergency response phase is over, cross-sectional
surveys using probability sampling are recommended to
guide service delivery, planning and management be-
cause early rapid epidemiological assessments can save
lives [5, 6].
In the humanitarian setting, cluster surveys have been
a commonly used method [7]. However, they require
specialist skills to be conducted accurately, in particular
for calculating the ‘design’ effect or the effect the cluster
design has on statistical power [8]. Sample sizes are
often large (depending on the desired survey outcome)
while time and financial and human resources are fre-
quently limited or unavailable [9, 10]. Additionally,
Leaning et al. stress the ethical requirement to ensure
access and equity in the allocation of resources within
refugee populations, but cluster surveys only represent
the average coverage across the surveyed population,
since no inference can be made at the cluster level [11,
12]. A survey methodology which can make inferences
both for the surveyed area and for sub-regions within
the surveyed area has the potential to provide informa-
tion on how equitably resources are distributed within a
refugee population.
Lot Quality Assurance Sampling (LQAS) was origin-
ally developed as a classification method for industrial
quality controlworks [13]. It was adapted for use in
health to classify management units, referred to as
‘supervision areas’ (SA), according to coverage targets
[14–16]. A sample size is set at the SA level and a deci-
sion rule selected. This is the cut-off below which the
area is classified as low performance for an indicator.
The decision rule depends on the sample size per SA,
on the thresholds for classifying high and low perform-
ance, and on selection of two maximum tolerable mis-
classification errors. These are the risk of misclassifying
an SA with low coverage as high (β error), and the risk
of misclassifying an SA with high coverage as low (α
error). Once the SAs have been classified, the samples
from each SA are aggregated to calculate a coverage esti-
mate for the entire survey catchment area [15].
LQAS offers solutions to the problems with cluster
surveys posed above. Like cluster surveys, it produces a
coverage estimate with a confidence interval for thesurvey study area. However, unlike cluster surveys, by
using the decision rule as described above it is possible
to examine variations in coverage within the survey
study area. This gives an extra level of information to
program managers, allowing them to identify inequities
in service provision and to direct resources to under-
served populations [17]. Organisations providing essen-
tial services within a refugee camp could potentially use
LQAS to identify pockets of low coverage where the
program is failing to reach the population and then
strengthen service delivery teams allocated to serve
specific portions of a camp. Furthermore, because it
approximates a stratified random sample, there is no de-
sign effect and therefore no need to calculate one [18].
The simplicity of the method, combined with ready to
use resources, has meant that the technique has been
used by international organisations for more than
20 years for program monitoring and evaluation and
reviewed by the World Health Organisation (WHO) as a
practical method of program assessment [19–21]. How-
ever, it has rarely been used in humanitarian settings in-
cluding in refugee camps [22, 23]. A global review of
LQAS surveys found that LQAS had been used in post
disaster settings, but none described the challenges of
implementing LQAS in a refugee camp [19]. We identi-
fied only one study (unpublished) using LQAS in a camp
setting in Yida camp, South Sudan [24]. Although the
methodology was well described, the objective of the
survey was for program monitoring and evaluation pur-
poses and not to examine the use of LQAS in refugee
camps. Moreover, little attempt was made in that study
to analyse data at the SA level, a key feature of LQAS
methodology.
In May 2013 we conducted an LQAS survey in Batil
refugee camp, South Sudan, which at the time housed
approximately 38,000 refugees from Sudan. Registration
of refugees was provided by the United Nations Refugee
Agency [25]. Our objectives were to document what
adaptations were required to use the methodology in a
camp setting and to investigate the added value of using
LQAS at the sub-camp level to camp managers from the
non-governmental organisation (NGO) Médecins Sans
Frontières (MSF), who were providing water, sanitation
and hygiene services (WASH) within the camp.
Methods
We used a standard survey protocol widely applied in
low resource settings for community health program as-
sessment [21]. We first defined the survey catchment
area as the entirety of Batil camp. We then divided the
survey catchment area into discrete and contiguous SAs
based on how services were provided in the camp. For
this survey, we used n = 19 per SA with upper and lower
thresholds being 30% apart. This sample size is
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statistical precision and logistical efficiency [13, 15, 17].
Adapting the SA to the context of a refugee camp was
challenging, since there were none of the obvious
geographic demarcations that are found in more formal
settlements. We consulted local program managers from
MSF and found that previous to our study, the camp
had been divided into 12 approximately equal segments
to facilitate outreach work. For logistical reasons, 12 SAs
was seen as impractical for this setting as it resulted in a
sample size of 19 × 12 = 228. Therefore, together with
local camp managers, we combined the 12 outreach
areas to form six SAs (Fig. 1). This resulted in an overall
sample size of 19 × 6 = 114. This decision was deemed
acceptable to camp managers both in terms of logistical
efforts and the statistical precision of information gained
at the SA and survey catchment area level. Because the
aim of the survey was to provide data specific to meas-
uring MSF WASH programs in the camp, consultation
was limited to managers of the MSF WASH programs.
Indicators for the survey were selected to report on
the outcomes of the MSF WASH program. Wherever
possible, indicators and attendant question sets were
taken from existing sources using accepted definitions.
Examples include using an improved water source and
an improved sanitation facility. The source for these in-
dicators was UNICEFs Multiple Indicator Cluster Survey
[26]. However, LQAS is principally a tool for monitoring
and evaluating programs, and the purpose of the survey
was to evaluate the reach and effectiveness of the MSFFig. 1 Map of Batil camp with six Supervision AreasWASH program. Therefore, it was also necessary to
design certain indicators which were specific to the out-
comes of the program. For example, households which
had been visited by a health promoter within the last 2
weeks, and households which owned an Ibrik (a water
storage container used for washing). These indicators
were designed in accordance with best practices as de-
scribed by Markiewicz and Patrick [27].
Another important adaptation of the LQAS method-
ology was the random process used to select respon-
dents within each SA. Usually, the sampling frame
consists of a complete list of formal settlements or com-
munities (frequently a village) in an SA. Probability pro-
portional to size (PPS) sampling is then used to
randomly allocate the 19 interview locations. But in Batil
camp refugees did not have formal communities, so we
had to search for alternative ways to divide the SAs.
Local program managers were aware of pre-existing divi-
sions, which demarcated areas of responsibility for local
leaders, called Sheik villages. Each SA in Batil camp con-
sisted of between 8 and 12 Sheik villages. We used the
Sheik villages in place of formal settlements, and used PPS
sampling to select Sheik villages in each SA for the 19 in-
terviews, an approach which required knowing the popu-
lation size for each Sheik village. In the case of Batil camp
this information was available from the United Nations
High Commission for Refugees (UNHCR). Where a Sheik
village was sampled for more than one interview, each
interview location was sampled randomly.
In each Sheik village, data collectors randomly selected
a household using segmentation sampling [28]. Again,
we had to adapt the methodology; in cases where data
collectors found insufficient landmarks to use segmenta-
tion sampling, they were instructed to use the random
walk technique to identify the household within the
Sheik village [29, 30].
Once households were selected, the interview teams
targeted two categories of respondents: heads of house-
hold and caregivers of children 0–59 months. Heads of
household were asked questions relating to access to
WASH services, while the caregivers of children were
asked a different set of questions on whether the child
had diarrhoea in the 2 weeks preceding the survey (see
Table 1 for a list of indicators used in the survey). If one
or both categories of respondents were present in the
same household then they were interviewed. If either of
the respondents was not present, the data collector
moved to the next nearest door until one respondent
from each group was found. When both types of
respondent were interviewed, the data collector moved
on to the next randomly selected interview location.
This parallel sampling technique resulted in two discrete
samples of 19 respondents in each SA at little extra ef-
fort (one of heads of household, the other of caregivers
Table 1 LQAS results for six supervision areas in Batil camp
Indicator SA1 SA2 SA3 SA4 SA5 SA6 Weighted Average
% (DR)
95% Confidence
Interval
Target
(DR)
Water
Proportion of households using an improved
water source
19 19 19 16 19 19 97.3% (NA) ±2.8% 95% (16)
Proportion of households who report that water
was continuously available from their habitual
water source for the last 2 weeks
16 9b 8a, b 9b 14 8a, b 57.0% (9) ±8.6% 80% (13)
Proportion of households which own an Ibrikc 16 4a, b 3a, b 10 10 8b 45.2% (7) ±8.0% 60% (9)
Hygiene
Proportion of households with at least one piece
of soap (observed)
18 9b 2a, b 13 8b 6a, b 51.1% (8) ±7.7% 75% (12)
Proportion of households with a hand washing
area within the living area
18 5b 0a, b 0a, b 1a, b 5b 27.2% (3) ±5.3% 60% (9)
Proportion of households which have been visited
by a health promoter within the last 2 weeks
19 18 19 19 15a, b 16 93.5% (16) ±4.1% 95% (16)
Proportion of heads of households who know four
critical moments to practice hand washing with soap
18 7b 1a, b 11b 0a, b 2a, b 37.0% (5) ±6.4% 75% (12)
Proportion of households who have a hand washing
area with soap and water adjacent to their habitual
sanitation facility
9 9 1a, b 1a, b 3b 8b 27.9% (3) ±7.6% 60% (9)
Sanitation
Proportion of households who usually use an
improved sanitation facility
19 18 18 19 19 17 96.8% (NA) ±3.1%
Proportion of households that do not practice open
defecation
19 18 18 19 19 17 96.8% (NA) ±3.1%
Diarrhea prevalence
Prevalence of diarrhoea among children 0–59 months
in the last 2 weeks
4 5 7 6 7 3 28.2% ±8.2%
aSA has not met the decision rule for average coverage for the camp
bSA has not met the decision rule for the target set by program managers
dAn Ibrik is a water storage container used for washing
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from each respondent group was analysed independ-
ently, they were treated in aggregate as stratified random
samples rather than as cluster samples.
We adapted standard LQAS training materials used
for community surveys for data collector training in this
refugee camp setting [21]. Adaptations included redu-
cing the days of training from four to three so we could
concentrate on only those skills needed for effective data
collection: random sampling and using the question-
naire. Preparing the sampling strategy and recruiting
and training the 12 data collectors took 9 days; data col-
lection took 4 days; hand tabulation and analysis took 3
days. After a total of 16 days in country, we could make
the results available to programme managers.
Data analyses
Firstly, we aggregated the data for each respondent
group from the six SAs as a stratified random sample
to calculate a weighted coverage estimate for Batilcamp for key indicators. The weights were the popula-
tion sizes of each SA. Secondly, we classified each SA
as a high or low priority. In this initial application of
LQAS in a refugee camp setting, we worked closely
with program managers to set a target for each indica-
tor (for example, 75% percent of households should
have at least one piece of soap) and selected a corre-
sponding LQAS decision rule to classify each SA as
having met or not met its target [21]. Thirdly, we used
average coverage within the camp for each indicator to
again classify SAs. This approach uses LQAS as a test
for homogeneity to identify outlier SAs which are well
below average and therefore priorities for action [21].
All classifications of the indicators were made by hand
tabulating the raw data. The prevalence with 95% confi-
dence intervals (CI) was calculated using an Excel
spreadsheet. We applied these low-tech approaches be-
cause in a refugee camp setting specialist software is
often not available. Analyses were completed within 2
days of the data collection.
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we carried out two additional studies. Firstly, we
conducted key informant interviews of MSF program
managers on their opinion of the challenges and added
value of the methodology. Secondly, we performed a
sensitivity analysis of different analytic approaches, com-
paring prevalence measures produced by using: crude
unweighted data; data weighted by the SA population;
and calculating prevalence using the survey design, in-
cluding a finite population correction using Stata V12.
Ethical aspects
The survey was carried out by the Liverpool School of
Tropical Medicine (LSTM) in collaboration with MSF
together with the Ministry of Health of the Republic of
South Sudan. As the survey addressed an important as-
pect of monitoring and evaluation for WASH activities,
it fulfilled the exemption criteria for Ethical Review
Board approval from MSF. It was also approved by the
MSF Medical Director, by the Ministry of Health for
South Sudan, and by the Liverpool School of Tropical
Medicine’s ethics review committee.
Results
Catchment area level results
Our results revealed that 97.3% (95% CI 94.5–100%) of
camp respondents had access to water from an im-
proved source, but in the 2 weeks preceding the survey,
water supply had been uninterupted for 57.0% (95% CI
48.4–65.6%) of respondents (see Table 1). Results for hy-
giene indicators revealed that 45.2% (95% CI 37.2–
53.2%) of all households possessed their own Ibrik, and
51.1% (95% CI 43.4–58.8%) could produce at least one
piece of soap when asked. However, only 27.2% (95% CI
21.9–32.5%) of households and 27.9% (95% CI 20.3–
35.5%) of sanitation facilities had a designated place for
hand washing where water and soap were immediately
available, and only 37.0% (95% CI 30.6–43.4%) of re-
spondents could state four critical moments to wash
hands. Nevertheless, 96.8% (95% CI 93.7–99.9%) of re-
spondents habitually used an improved sanitation facility
and only 3.2% (95% CI 0.1–6.3%) practiced defecation in
an open area. A total of 28.2% (95% CI 20.0–36.4%) of
caregivers of children 0–59 months reported their child
had suffered from diarrhoea in the two-weeks preceding
the survey.
Supervision area level results
Results at the SA level revealed that the average condi-
tion of the camp masked important variations. At the
camp periphery, SA-3 and SA-6 were classified as the
priority SA as they lacked consistent access to water
from an improved source. For hygiene indicators, SA-3
was again the area of highest priority, having beenclassified in the low category for both program and aver-
age coverage targets for four out of six hygiene indica-
tors. However, for the sanitation indicators, no SA was
in the low category, meaning that for sanitation, there
was only a small amount of variation among the SAs,
with overall coverage being high. SA-1 was the best per-
former, being in the high category for all indicators. It
was also located closest to amenities such as clinics, the
main road and the market. It was not classified in the
low category for any indicator either as a target or as an
average.
In summary, water and hygiene indicators tended to
be lower the further respondents were from the main
camp amenities. This effect held for households report-
ing that their water supply was interrupted in the last
two-weeks; for those not having a handwashing point
within the living area; and for those not owning an Ibrik.
However, this association was not absolute since SA-5
was further from the amenities than SA-3, and this asso-
ciation did not hold for sanitation indicators, which were
uniformly high across the camp.Key informant interviews
Feedback from the key informant interviews was over-
whelmingly positive. Participants felt that the division of
the camp into six SAs was a useful way to identify prior-
ity areas within the camp, even though these six areas
were amalgamations of 12 pre-existing outreach areas.
Participants also noted that because LQAS generated
data in a standardized way, it would be easier to com-
pare results across time and programs, and to advocate
with other organisations providing services in the camp.
All stakeholders observed that LQAS was a useful tool
for identifying priorities within the camp for baseline as-
sessment and ongoing monitoring.
The challenges mentioned included: programme man-
agers required guidance to define SAs so that they pro-
vided results which were useful for guiding service
provision; programme managers were unfamiliar with
the LQAS technique and had to be informed as to what
inferences could and could not be made at the SA and
catchment area level. Finding staff with the requisite
skills to carry out the survey was also a challenge. Data
collectors had to be recruited from the refugee popula-
tions so that they had the requisite language skills; feed-
back from the data collectors suggested that many of
the concepts and much of the language associated
with random sampling were unfamiliar. Finally, apply-
ing the techniques of random sampling to select
households was found to be difficult in some areas;
boundaries between Sheik villages sometimes over-
lapped and the Sheik had to be relied on to identify
which tents belonged to which Sheik village.
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Table 2 presents three sets of results: 1) crude un-
weighted proportions; 2) proportions weighted by the
SA population size; and 3) proportions calculated with
Stata V12 using the survey design. The largest difference
in coverage estimates was −0.027 between the survey
design and the crude proportion; the average difference
in coverage when comparing all permutations of the
three forms of analysis was 0.008 with the crude propor-
tion having the smaller average estimates. The largest
difference in standard error (SE) was 0.014 with the
crude proportion having the largest value; however, the lar-
gest mean effect for the difference in proportions was
SE = 0.005. The largest difference in the range of the 95%
confidence interval was 0.0278 with the crude proportion
having the largest range; the largest average difference in
confidence interval was 0.01 for the crude proportion. The
differences produced by these approaches were minimal.
Discussion
This paper is the first peer-reviewed study assessing an
adaptation of LQAS for a camp setting. The survey pro-
vided coverage estimates on WASH indicators as well as
providing evidence that SA-3 in the camp was underper-
forming on six of the eight indicators and thus was the
priority area for immediate intervention. Adaptations to
the standard LQAS protocol used in low resource com-
munities was required, but we have shown that it is a
feasible undertaking, and one that program managers
found useful at both the catchment area and SA level.
Most of the adaptations we made were in selecting the
sample. Community LQAS uses existing administrative
divisions and population data to form the sampling
frame for SAs. The study area lacked formal administra-
tive divisions so we relied on informal divisions identi-
fied by camp managers. Whilst these were meaningful to
the MSF WASH program managers, we were not able to
assess how readily useable this way of presenting infor-
mation was to other NGOs providing services (including
others providing WASH services) in the camp using
other service delivery schemes. A guiding principle for
the United Nations Office for the Coordination of Hu-
manitarian Affairs (OCHA) is accessibility of informa-
tion [31]. Other authors have written on the detrimental
effect of incompatibility of information in humanitarian
information exchange [32]. However, feedback from the
program managers stated that in their opinion, the
LQAS information would be useful for advocacy with
other organisations.
Despite the informal nature of the division of the
camp, we were able to identify population data for each
division, supplied by the UNHCR. However, in newly
displaced groups, populations may not be organised into
coherent geographic areas and population data requiredfor weighting results may not always be available [6]. In
this case, spatial mapping of refugee populations using
methods such as those described by Boccardo and
Tonolo and methods to estimate population density
such as those described by Checchi et al. could be used,
although as the authors explain, there are limitations to
these methodologies [33, 34]. As our sensitivity analysis
shows, there was at most a − 0.027 difference in
weighted and unweighted results, although on average
the difference was just −0.008, with crude coverage hav-
ing the smaller estimates. The largest difference in SE
was 0.014 with the crude proportion having the largest
SE; the mean effect on SE = 0.005 for the crude propor-
tion. The largest difference in the range of the 95% con-
fidence interval was 0.0278 with the crude proportion
having the largest range; the average difference in confi-
dence interval was 0.01 for the crude proportion. These
differences are small and not meaningful for program
management. Therefore, we conclude that for rapid as-
sessment in a refugee context the crude proportion can
be used by program managers if they can accept a small
reduction in precision.
Another adaptation was the use of the random walk
method to select households where segmentation sam-
pling proved infeasible due to lack of landmarks. Some au-
thors have claimed that this method biases household
selection toward the point from where the walk begins
[28]. Other authors found that whilst segmentation sam-
pling is preferred, the random walk method is an accept-
able alternative when applied correctly [35]. By restricting
use of the random walk to small segments of the camp
with few houses (or tents) in our survey, we think that bias
was probably minimal.
In summary, whilst the use of a stratified random sam-
ple design posed challenges, these were all overcome
and the data was collected in 4 days by 12 data collec-
tors working in teams of two. The confidence interval
for this sample size did not exceed ±0.094. Whilst a clus-
ter sample design is resource efficient, it generally re-
quires a large sample size to achieve the same
confidence interval because of its design effect, that is,
the increased variance in the sample resulting from the
cluster sample design. Although design effect is calcu-
lated after the survey is complete, an assumption of a
design effect of 1.5 is commonly used, meaning that
the sample size for a comparable cluster sample
would be 1.5 times larger than that of a stratified
random sample [8, 36]. Whilst the most accurate esti-
mate of the proportions for the indicators are those
calculated using the survey design, we doubt that the
slight variation for the crude values is epidemiologi-
cally meaningful. Rather than burden humanitarian
workers with this level of precision, the crude propor-
tion is most likely adequate.
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agers that the added value of LQAS was to unmask the
existing variations in different SAs without amplifying
the sample size. We identified that areas of the camp
closer to the main road, to MSF clinics and to the
market were better served than areas at the periphery of
the camp, with the result that program managers could
redirect resources to areas of greatest need. Whilst the
conclusion that areas furthest from the centre of the
camp are not as well served may seem self-evident, it
must be remembered that the purpose of LQAS is to
identify the “worst of the worst” served areas. Our
survey area had three SAs which could be described as
far from the centre of the camp; identifying which one
of the three peripheral areas was least served was seen
by program managers as valuable. Also, the assumption
that all peripheral areas would be worst served did not
hold for all services; sanitation services, for example,
were uniformly high regardless of location. Program
managers found that LQAS was sufficiently easy to use
to be managed by field staff but still provided rigorous,
statistically defensible results which could be used to
communicate with coordination bodies. Examples of or-
ganisations with which to share information are
UNHCR, who were responsible for coordination in Batil
Camp, or OCHA, whose remit is to “mobilize and co-
ordinate effective and principled humanitarian action”
[37]. Finally, information might also be used to advocate
for greater inputs to least-served areas from other NGOs
working within a camp.
We also found that programme managers who were
unfamiliar with the LQAS technique required guidance
on what inferences could and could not be made at the
SA and catchment area level and in setting decision
rules. We used a well-tested approach to implementing
LQAS [21]. Other authors have suggested an alternative
approach leading to more SAs being classified as a prior-
ity [38]. Such survey designs emphasize identifying the
“best of the best” versus our intent which was to identify
the “worst of the worst” SAs. While it is beyond the
scope of this paper to debate this issue, which has been
adequately done elsewhere, our experience of working in
humanitarian settings tells us it is essential to use scarce
resources to resolve service delivery problems in the
most pernicious locations [17]. Our proposed design
does this and is appropriate for a refugee camp. Our aim
was to identify SAs which were the worst performing
with the largest proportion of people at risk to health
problems. MSF could then direct its scarce materials
and human resources to these areas, an approach also
favoured by other field-based organisations [39].
Alternative approaches to setting decision rules have
also been described in the literature. Alberti et al.
described an LQAS survey to evaluate the coverage ofan emergency measles vaccination campaign in Chad
[40]. In this survey, SA sample sizes were calculated
according to error terms set by the authors, resulting in
a sample size of 65 respondents per SA. By comparison,
our survey used a smaller SA sample of 19. The differ-
ence in precision between these two samples sizes is
found in the difference between the upper and the lower
threshold, described above. In our study, the upper and
lower thresholds were 30 percentage points apart; in the
Alberti study the upper and lower thresholds were 15
percentage points apart. The justification for this in the
Alberti study was that the target coverage was 85%, and
the authors thought it important to identify all SAs
where vaccination coverage fell below 70%. Our object-
ive was to identify the best and worst performing SAs,
therefore a 30% difference between thresholds was
deemed acceptable. The decision rules and error terms
when n = 19 are readily available, meaning that no cal-
culations were required and the smaller sample size less-
ened the impact on already stretched logistics [15, 21].
However, using LQAS means that users can adapt the
design to suit their own needs. The statistical tables
already exist to support these adaptations [15].
In this paper, we have not disaggregated results at the
supervision area level by gender. The n = 19 used in
each SA of Batil camp is sufficient for classification of
the SA with alpha and beta errors that do not exceed
0.10. However, if we stratify the n = 19 we lose statistical
precision. If we assume n = 10 for the same pU and pL
then alpha and beta increase to 0.12 and 0.17 respect-
ively. In this case, providing sex disaggregated data may
in fact be misleading due the increased probability of an
error. Also, the indicators we measured are household
level data making the gender stratification perhaps not
essential. Were we to want gender stratification at the
SA level in the future then we would increase the sample
size accordingly. However, gender stratification at the
camp level would be possible and render about the same
precision as a cluster sample that did the same. While
our not stratifying the data at the SA level is a limitation
of our current design it still reveals insights into camp
functioning at a high level of granularity not provided by
other approaches.
Conclusion
Our study demonstrates that standard community based
LQAS is feasible in a camp setting. The survey provided
an estimate for water and sanitation access for camp
residents, much the same as a standard cluster sample
survey. The added value of LQAS was that it enabled
camp managers (and the MSF project) to quickly iden-
tify and advocate for the least-served areas within this
camp in terms of water and sanitation. The limitations
of the study were that the UNHCR population data used
Harding et al. BMC Public Health  (2017) 17:643 Page 10 of 11for the sampling frame is not always available in camp
settings. Next steps are to investigate whether LQAS can
be used in camps where no population data is available,
and for monitoring projects within a camp in a number
of different settings. It seems evident that we also need
to test the use of LQAS during the acute phase of an
emergency.
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